The temperature dependence of the 81 Br NQR frequencies of the title compound has revealed the presence of three phases (I, II and III, in the order of decreasing temperature): T cl (II -1) = (318 ± 10) K and T c2 (III -II) = (202 ± 1) K. The transitions were confirmed by thermal analysis (DTA). Both of the II-I and I-II transitions exhibited strong hysteresis (/. e., superheating and supercooling, respectively). The crystal data, determined by single crystal X-ray diffraction, are: monoclinic, space group P2/a, a = 1384.8(3), b = 934.7(4), c = 1452.0(2) pm, ß = 104.10(1)°, Z= 8, R = 0.076. The crystal has two crystallographically independent cations (CH 3 ) 2 NH 2 + and an infinite chain of anions almost in the c-direction. The anion chain is considered to consist of a HgBr 2 molecule and two different HgBr 4 2~ anions which are interconnected via weak intermolecular Hg-Br bonds. The splitting patterns of the 8 'Br NQR spectra indicate that rearrangements of the Hg-Br bonds are slight at the III-II transition but serious at the II-I transition. Some of the 81 Br NQR lines show anomalous temperature coefficients, attributable probably to thermal motions of cations.
Introduction
A general tendency has been found for the coordination of Hg(II) in the complex compounds of HgX 2 (X = Cl, Br, I). That is, the Hg(II) atoms like to take a linear two coordination in chloride complexes and a tetrahedral coordination in iodide ones, while the coordination in bromide complexes is of intermediate nature. A wide variety of structures has thus been encountered in the compounds R I NH 4 _ a; HgBr 3 (R = alkyl group). For example, a trigonal planar coordination, which is usually extended to a tetrahedral or a trigonal bipyramidal coordination by forming one or two extra intermolecular Hg-X bonds, has often been found. In addition to the interest on the crystal structure, one can also expect for this type of compounds phase transitions associated with the thermal motion of the cations.
In the present study on dimethylammonium tribromomercurate(II) (CH 3 ) 2 NH 2 HgBr 3 we have applied 8 'Br NQR, thermal analysis (DTA), and single crystal X-ray diffraction to elucidate the crystal structure, chemical bonding, and possible phase transitions. The crystal structures of the related compounds (CH 3 ) 2 NH 2 HgCl 3 and [(CH 3 ) 2 NH 2 ] 2 HgBr 4 have already been reported by Ben Salah, et al. [1] and Pabst et al. [2] , respectively. In the former crystal there exists an interesting chain of anions in which each of three independent Hg(II) atoms has two short terminal Hg-Cl bonds and two long bridging Hg-Cl bonds, and nine Cl atoms are left chemically independent. In the latter crystal, however, a discrete distorted HgBr 4 2-tetrahedron has been found instead of the chain structure.
Zeitschrift für Naturforschung, D-72027 Tübingen The 81 Br NQR spectra were obtained with a superregenerative spectrometer. The signals were recorded on a recorder through a lock-in amplifier with Zeeman modulation. The accuracy of the frequency measurements is estimated to be within ± 0.02 MHz. The temperature of the sample was measured by a Cuconstantan thermocouple with an estimated accuracy within ± 1 K. The DTA measurements were done by using a home made apparatus.
Details of the single crystal X-ray experiment are summarized in Table 1 . The structure was solved by the direct method [3] and refined by the full matrix least squares method [4] , Non-hydrogen atoms, except for N(2) and C(2-4), which were refined isotropically, were refined with anisotropic thermal factors. Hydrogen atoms were included in the least squares calculations but not refined. The crystallographic data are given in 
Results

Br NQR Spectra
The temperature dependence of the 81 Br NQR frequencies in the phases II and III and that in phase I are shown in Figs Table 2 . Twelve, six, and nine resonance lines have been observed for the low temperature phase (III), the room temperature phase (II), and the high temperature phase (I), respectively. At T c2 (the III-II transition), the temperature dependence curves are discontinuous, indicating a lst-order phase transition. The II-I transition at 7 cl is also of lst-order, judging from the discontinuity in the frequency vs. temperature curves. Phase I is supercooled on cooling with no difficulty. When phase I was supercooled to 77 K, no signals were detected, while on subsequent heating the resonance lines appeared at T> ca. 110 K (Figs. 4 -6) . The supercooled phase I was transformed in few hours to phase II when the sample was kept at ca. -20 °C. T c] is very dependent on the thermal history of the samples; it tends to become lower for the sample which experienced the II-I transition. It is notable that some of the frequency vs. temperature curves of each phase exhibit anomalous temperature coefficients.
DTA Measurement
The representative DTA curves are depicted in Figs. 7 and 8. In Fig. 7 the exothermic peak at 196 K on cooling (Run 1) and the endothermic one at 199 K on heating (Run 2) are ascribed to the II-III and III-II transitions, respectively. The small discrepancy in the transition temperatures indicates a lst-order transition. Run 3 in Fig. 8 is the DTA curve of a sample which had not experienced the II-I transition, and Run 5 is the curve of a sample which had experienced the II-I transition a few times. Thus, the transition temperature is very dependent on the history of samples, as stated above. This phenomenon indicates that the II-I transition is superheated considerably if the seeds of phase I were not created in phase II through the experience of the transition. The exothermic peak corresponding to the I-II transition was not observed because phase I was always supercooled (Run 4). The melting point is deduced as 374 K from the DTA curve (Run 6).
The Crystal Structure of the Room Temperature Phase (Phase II)
In Table 3 the atomic coordinates and the thermal parameters are listed. Table 4 contains distances and angles in the ions and selected interionic distances. Short N -Br contacts (343 and 349 pm) are found, as listed in the table. Figure 9 shows the crystal structure.
The structure consists of two crystallographically independent cations (CH 3 ) 2 NH 2 + and an infinite chain of anions arranged almost in the c-direction. There exist three crystallographically independent Hg atoms, two of which, Hg(2) and Hg(3), are located on the two-fold axes. As shown in Fig. 10 , the chain of anions is formed by sharing of Br(3) or Br(4) atoms (3) which are situated at the two corners of each of the three distinct heavily distorted HgBr 4 polyhedra, so that six Br atoms remain as crystallographically and hence chemically different in the crystal. The magnitude of the thermal parameters for the N(2) atom indicates a large amplitude thermal motion of the cation (Table 3) .
Discussion
The 81 Br NQR Spectra and the Structure of Phase II
In accordance with the crystal structure, six 81 Br NQR resonance lines have been observed in phase II. The observed resonance lines exist in a remarkably wide frequency range (60 ~ 140 MHz), indicating extreme chemical differences among the Br atoms. In HgBr 4 polyhedra (Fig. 10) , Hg(l) has two short (243.4 and 244.3 pm) and two long (304.0 and 313.2 pm) bonds, while Hg(2) and Hg(3) have four bonds which are less different in bond lengths (255.8 to 266.8 pm). Therefore, the anion chain may be considered to consist of a HgBr 2 "molecule" and two different HgBr 4 2~ anions, which are interconnected via weak Hg(l) -Br(3) and Hg(l) -Br(4) bonds. Then, the two NQR lines at extremely high frequency can be assigned to Br( 1) and Br(2), and the remaining four lines to the Br atoms in the two kinds of HgBr 4~, each of which contains two chemically different Br atoms. Interestingly, two of the lines assigned to HgBr 4~ exhibit anomalous positive temperature coefficients, while the other two exhibit normal negative but a little steep ones. A positive temperature dependence has often been observed for the Br atoms concerned with the hydrogen bonds such as N-H-Br (e.g. in Table 4 . Intra-and interatomic distances and angles in the structure of (CI-f^NfTHgBrv The distances d are given in pm and the angles in degree. (6) 265.6 (7) Br (4)
Connection
142 (7) Br (5) (2) 137 (7) Br ( (4) 138 (8) Br (6) (CH 3 NH 3 ) 2 HgBr 4 [5] and CH 3 CH 2 NH 3 HgBr 3 [6] ). With the activation of thermal motion of cations at higher temperatures the H-bonds will weaken, which will result in the increase in the NQR frequencies of Br atoms concerned. We expect two fairly strong Hbonds in N(l)-Br(5) (343 pm) and N(2)-Br(6) (349 pm) contacts (Table 4) . Thus, Br(5) and Br(6) may be assigned to the resonance lines with the positive temperature coefficients. Then the remaining two lines may be assigned to the Br(3) and Br(4) atoms i. e. the bridging atoms. It is interesting to compare the relationship between the NQR frequencies and the bond lengths in the present and related compounds. In KHgBr 3 H 2 0 [7] we find a HgBr 4 polyhedron which is very similar to the Hg(l)Br 4 in the present crystal. In the crystal of KHgBr 3 H 2 0 there is a zigzag chain consisting of anion polyhedra which have two shorter, almost equal terminal bonds (249.7 pm) and two longer equal bridging bonds (283.6 pm), the angle between the terminal Hg-Br bonds being 148.0°. Thus the chain may be considered to be approximately composed of HgBr 2 MHz for the bridging Br atom. In comparison with these, the Hg(l)-Br(l) and Hg(l)-Br (2) [10] . In this crystal the Hg atom completes its trigonal bipyramidal HgBr 5 configuration with extra intermolecular Hg -Br bonds, resulting in two terminal Br atoms and one bridging Br atom; the Hg-Br bond distances and 81 Br NQR frequencies are 252.7 and 2.565 pm [10] , and 101.75 and 87.05 MHz [11] for the terminal and the bridging Br atoms, respectively. These observations lead to a good correlation between the 81 Br NQR frequencies and the bond distances (and hence the coordination of Hg(II)) in a series of mercury halide complexes. A more elaborate investigation for such a correlation will be described elsewhere.
Phase Transitions and Structures of Phases I and III
The NQR spectrum of each phase at the phase transition temperature is shown in Fig. 11 as a stick diagram. In phase III, twelve resonance lines have been observed, which means that the number of nonequivalent Br atoms is doubled in phase III on the II-III phase transition. The change in the structure due to the transition seems to be slight, because the splitting pattern of the 81 Br NQR spectrum of phase II is almost identical to that of phase III. Thus, the basic structure of anion chains which consist of a HgBr 2 and two different HgBr 4 2-anions may also be kept in the phase III. A possible idea to explain the 81 Br NQR spectrum of phase III (12 lines) is to assume that the 2-fold axis which exists in phase II (6 lines) is lost to give a triclinic cell in phase III.
Contrary to the case of the III-II transition, the change in the 81 Br NQR spectrum due to the II-I transition is drastic (Fig. 11) , suggesting that a considerable rearrangement of the Hg-Br bonds may occur at the transition. The nine 81 Br NQR lines in phase I are divided into two sets of the lower three and higher six lines which are largely different in frequency; the former and the latter sets may be assignable to bridging and terminal Br atoms, respectively. In connection with this observation it is worthwhile to examine the crystal structure of (CH 3 ) 2 NH 2 HgCl 3 (P2,/n) [11. This crystal contains a chain of anions consisting of three kinds of severely distorted HgCl 4 polyhedra which are interconnected with two long bridging and tow short terminal Hg-Cl bonds. There exist consequently six terminal and three bridging Cl atoms, which will just lead to an analogous chlorine NQR spectrum as the 8 'Br NQR spectrum in phase I of (CH 3 ) 2 NH 2 HgBr 3 , although the chlorine NQR spectrum is unfortunately unknown. Then, it seems very probable that phase I has the same structure as that of (CH 3 ) 2 NH 2 HgCl 3 . One may notice that the chain of anions in phase I becomes similar to that in (CH 3 
